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Audio transducers 



(57) A device (MS) liaving an electrical display 
(DSPL) is equipped with a transparent electrostatic di- 
aphragm (ACT) vibrateably attached in front of the dis- 
play. The display has been nnade electrically conductive 
and used as a stator of thus fornned electrostatic speak- 
er (TD1). A fluctuating DC-voltage is conducted to the 



diaphragm and display, In order to resonate the dia- 
phragnn and produce sound respective to the fluctua- 
tion. The transparency of the diaphragm allows a user 
to see the display through the diaphragm. Alternatively, 
the similar arrangement can be used to implement a 
transparent electrostatic microphone on the display. 
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Description 

[0001] This invention relates to audio transducers. 
[0002] Many different information, entertainment and 
communication devices having displays have been de- 
signed. It is desirable to use such devices to present 
multimedia, generally in the form of images and sound. 
Accordingly, such devices require interfaces capable of 
presenting information both in audio and visual forms. 
[0003] Personal computers can be used to present re- 
al-time multimedia, for example to function as video tel- 
ephones so that a user is provided with both voice and 
image of a person with whom he or she talks. A typical 
personal computer comprises a microprocessor based 
central unit and a keyboard. The monitor usually com- 
prises a casing containing a CRT (Cathode Ray Tube) 
typically having a diagonal dimension of at least 35 cm 
(14 inches). If the personal computer is configured to 
produce sound, it is convenient to locate a speaker on 
each side of the CRT either integrated into the monitor 
casing or provided as discrete units. The personal com- 
puter may also comprise a microphone. Integration of 
the speakers into the monitor casing facilitates initial 
connecting of peripherals to the computer. 
[0004] The speakers typically used in these devices 
are dynamic speakers. Other types of speakers have 
been suggested. EP 847 670 discloses a CRT monitor 
which has electrostatic speakers in the form of panels 
integrated into either side of the monitor casing. The 
electrostatic speakers integrate a vibrating diaphragm 
and an actuator to vibrate the diaphragm. Thus, an ac- 
tuating diaphragm actuates itself to vibrate. This pro- 
vides a speaker with reduced thickness, but also reduc- 
es the length of the maximum movement of the dia- 
phragm resulting in a lower acoustic power per unit area 
of the diaphragm. Locating such speakers on the sides 
of the monitor casing allows them to extend from the 
front of the monitor casing to the back, thus allowing the 
areas of the sides of the monitor casing to be used while 
causing only a small increase to its width. However, 
since the speakers are an^anged facing outwardly rather 
than towards a user, this arrangement directs sound 
sideways rather than towards the front of the monitor. 
[0005] In the future it is intended that multimedia 
should also be presented by mobile stations such as 
those used in cellular telecommunications systems. 
Multimedia presentation has been suggested particular- 
ly for mobile stations of the so-called third generation. 
The Nokia® 9110 communicator is an example of a mo- 
bile station presently used to present audio and video 
signals. This is a multifunction mobile station having two 
hinged parts. The parts open to reveal a QWERTY key- 
board in one part for entry of alphanumeric text and a 
large LCD-display (Liquid Crystal Display) In the other 
part for displaying information to a user. This mobile sta- 
tion can wirelessly communicate using fax, e-mail and 
telephony services. It also allows hands-free (HF) tele- 
phone calls to be made using a built-in speaker and a 



microphone. The speaker is mounted inside the mobile 
station and sound is conveyed via a specific conduit to 
the open space surrounding the mobile station. The 
speaker and the conduit occupy space within the mobile 

5 station. Accordingly, in using a speaker arrangement of 
a particular size a compromise is made between audio 
quality and space consumption. In addition to the HF- 
speaker, there is another speaker associated with the 
earpiece. This further increases the space occupied 

10 within the mobile station, and furthermore requires holes 
to be provided in the mobile station's casing, which pro- 
vides entry points for dust and moisture. 
[0006] As the size of handheld mobile stations such 
as mobile phones and smart telephones Is a limiting fac- 

15 tor, it is necessary to select speakers for such devices 
to be as small as possible. The need to maintain good 
audio quality and provide a small speaker volume will 
increase in the future. Additional functionality required 
to implement the third generation of mobile stations will 

20 inherently lead to bigger mobile stations and/or shorter 
periods of idle time and talk times due to increased pow- 
er consumption. There is a conflict between very limited 
size and relatively high power consumption. If the size 
is limited to a comfortable maximum, it may be too small 

25 to hold a sufficiently high-capacity battery, or vice versa, 
a high-capacity battery that can operate the device for 
a long period would require too much space. Therefore 
there is a desire to miniaturise components of mobile 
stations. However, as speakers are miniaturised, the 

30 small size impairs the audio response making repro- 
duced speech and other audio signals difficult to under- 
stand and/or less pleasant to listen to. 
[0007] Accordingto afirst aspect of the present inven- 
tion, there is provided an audio transducer for changing 

35 a signal between an acoustic form and an electrical 
form, the audio transducer comprising an actuating di- 
aphragm, a stator, and a support for supporting the ac- 
tuating diaphragm adjacent to the stator, characterised 
in that both the actuating diaphragm and the stator com- 

40 prise transparent material, 

[0008] Advantageously, the audio transducer can be 
placed between a user and an object such as a screen 
without preventing the userf rom seeing the object, since 
the actuating diaphragm and the stator are transparent. 

45 This allows the transducer to be placed in front of objects 
that need to be seen. 

[0009] According to a second aspect of the present 
invention, there is provided an audio-visual device com- 
prising 

50 

an optical device, and 

an audio transducer for changing a signal between 
an acoustic form and an electrical form, the audio 
transducer comprising an actuating diaphragm, a 
55 stator, and a support for supporting the actuating 
diaphragm adjacent to the stator, 

characterised in that 
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both the actuating diaphragm and the stator com- 
prise transparent material and 
the audio transducer Is arranged adjacent to the op- 
tical device. 

[0010] It is advantageous to combine a transparent 
audio transducer and an optical device. Thus, the very 
same area can be used to output or input image and to 
output or input sound or voice. 

[0011] Preferably, the actuating diaphragm is ar- 
ranged to vibrate in response to an electrical signal in- 
teracting with the actuating diaphragm to generate an 
acoustic response. Alternatively, the actuating dia- 
phragm is arranged to vibrate in response to an acoustic 
signal interacting with the actuating diaphragm to gen- 
erate an electrical response. 

[0012] Preferably, the audio transducer is a speaker, 

a microphone, or a combination of both. In an embodi- 
ment of the invention in which the audio transducer is a 
transparent element disposed between a user and a dis- 
play, this may provide a relatively large display surface 
area to be used as an acoustic element. 
[0013] The optical device may be a mobile station, a 
mirror, a window, an electrical display, a solar cell, a 
touch screen or an illuminator. An electrical display is a 
display device comprising a screen, an input for receiv- 
ing an electrical input signal and means for displaying 
on the screen texts or images corresponding to the elec- 
trical input signal. 

[0014] Since the invention allows the surface area 
needed for a display to show information to be used for 
the audio transducer, a compact size of user interface 
device can be made with an audio transducer not small- 
er than the screen. This allows manufacture of smaller 
user interface devices and manufacture of user inter- 
face devices of ordinary size, but with an improved audio 
quality. Alternatively, if the optical device is a solar cell, 
then the surface of the solar cell can be used also to 
output sound, and efficiency of surface usage improves. 
If the audio response originates from the region of the 
optical device, the audio response appears, to a user, 
to come from the optical device. A display according to 
the invention used for video conferencing gives a real- 
istic impression when the sound appears to come from 
the display. A rear-view mirror may be arranged to tell 
a user how far an object is behind a vehicle. A window 
of a shelf in an exhibition may teli about a particular ex- 
hibit. 

[0015] Preferably, the audio-visual device is a mobile 
station further comprising a radio block for radio com- 
munication. 

[0016] Preferably, the display is arranged to be visible 
through the actuating diaphragm. 
[0017] An advantage of the invention is that the dia- 
phragm of the transducer itself carries out the conver- 
sion between acoustic and electrical forms of signals. 
Dedicated movement conversion elements such as 
coils or magnets are not necessary. Thus, the transduc- 



er requires only a small depth in which the diaphragm 
may be located to vibrate. Additionally, providing the 
transducer on the outer surface of an optical device (ad- 
jacent to, for example, a display or a solar cell) makes 

5 it unnecessary to provide a sound-conveying conduit. 
This frees some space within the casing of the device 
for other components or allows manufacture of smaller 
devices without reducing functionality. Atransducer pro- 
vided by the invention has a relatively large surface, 

10 which also increases the maximum sound pressure 
when the transducer is used as a speaker and increases 
the sensitivity of the transducer when the transducer is 
used as a microphone. Furthermore, when the trans- 
ducer is used as a speaker, sound appears to comefrom 

15 the image rather than from one side. Correspondingly 
when the transducer is used as a microphone, a user is 
able to speak directly at the display and the transducer 
is able to receive the speech efficiently. 
[0018] Preferably, the display is used as a stator for 

20 the actuating diaphragm. This reduces number of parts 
required. 

[0019] Preferably, the actuating diaphragm is located 
between an outer protective diaphragm and the display 
so as to protect the actuating diaphragm from mechan- 
25 ical damage. In this case, the outer protective dia- 
phragm allows a user to see through it, It may be trans- 
parent. Preferably the outer diaphragm is electrically 
conductive and arranged additionally to function as a 
stator for the actuating diaphragm. Preferably, the outer 
30 diaphragm is made of a material that allows sound 
waves to travel through itself in order that sound pro- 
duced by the transducer is audible to a user of the audio- 
visual device. The outer protective diaphragm may be 
made of a porous material or provided with openings. 
35 Alternatively a grid could be used to protect the actuat- 
ing diaphragm whilst also allowing the sound waves to 
be conveyed from the actuating diaphragm to space sur- 
rounding the audio-visual device. 
[0020] Preferably, the actuating diaphragm is used to 
40 produce sound for an earpiece of an audio-visual device 
in addition to providing sound from the display. 
[0021] According to a third aspect of the present in- 
vention, there is provided a method of producing an au- 
dio-visual response, wherein a transparent and electro- 
ns static actuating diaphragm is arranged in a nominal po- 
sition adjacent to an electrical display. The method com- 
prises the steps of: 

displaying an Image on the electrical display, and 

50 feeding an electrical audio signal to the actuating 
diaphragm to cause it to vibrate in order to generate 
a sound. 

[0022] Advantageously, the method gives a user an 
55 impression of sound originating from the electrical dis- 
play. 

[0023] According to a fourth aspect of the present in- 
vention, there is provided a method of manufacture of a 
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device comprising a dispiay, a speaker, and a transform- 
er to drive tlie speal<er, comprising tlie steps of: 

attaching a transparent actuating speaker dia- 
phragm adjacent to the display, and 
coupling the transparent actuating diaphragm to the 
transformer to drive the transparent actuating dia- 
phragm as a sound producing vibrating element. 

[0024] The present invention enables production of a 
compact and lightweight device by integration of a dis- 
play and speaker so that they both occupy the same ar- 
ea. Therefore, there Is no need to leave openings for a 
speaker in the casing of the device and penetration of 
dust and moisture into the device can be largely avoid- 
ed. In addition, the production process becomes simpli- 
fied, because separate openings need not to be made 
for arranging audiophonic access between the speaker 
and the space surrounding the device. 
[0025] The present invention is applicable to devices 
such as mobile phones, electrical games, and wireless 
telephones, as well as to bigger devices such as laptop 
computers or displays for desktop computers. It is par- 
ticularly suited to thin displays such as LCD- or electro- 
luminescence displays, in general, the present inven- 
tion may be used in applications where there is lack of 
space and a relatively large display is required. 
[0026] Embodiments of the invention will now be de- 
scribed, by way of example only with reference to the 
accompanying drawings in which: 

Figure 1 shows a speaker arrangement according to 
the present invention; 

Figure 2 shows another speaker arrangement ac- 
cording to the present invention; 

Figure 3 shows a mobile station incorporating a dis- 
play according to the present invention; 
and 

Figure 4 shows a blockdiagram of the mobile station 
of Figure 3. 

[0027] Figure 1 shows a speaker arrangement SYS1 
according to the present invention. The speaker ar- 
rangement SYS1 is used with a display device having 
an electrical display. A display device in the form of a 
mobile station is described in relation to the later Fig- 
ures. The arrangement comprises an electrostatic 
speaker having a transparent actuating diaphragm ACT 
(an actuator), a transparent stator S1 and an insulating 
support SUP holding the actuating diaphragm ACT and 
thestatorSI adjacent to each other. The stator S1 com- 
prises an electrically conductive material, which is for 
example a coating on a display screen. The display 
screen is not shown in this embodiment. The stator S1 
is in the form of an electrically conductive film integrated 
onto another surface of a display device using the 
speaker arrangement, for example, onto an electro-op- 
tical device such as a CRT, an LCD screen or a solar 



cell. The electrically conducting film may comprise indi- 
um or titanium oxide. Alternatively the stator may carry 
on its surface a metallic grid of very thin wires to act as 
an electrically conductive element. This construction is 
5 known from electromagnetic compatibility covers. 

[0028] The actuating diaphragm ACT is protected 
against mechanical damage by a guard S2 in the form 
of a thin metal grid. Alternatively it may be a transparent 
plastic diaphragm. All that is required of the guard is that 
it allows a user to look through it and see the display 
and allows the passage of sound waves. 
[0029] In this embodiment of the invention in which a 
transparent speaker or microphone is arranged on the 
display, some of the light emanating from or reflected by 
the display should be able to pass through the speaker 
or microphone so that a user is able to see the display. 
In an embodiment of the invention in which a transparent 
speaker or microphone is placed in front of a a solar cell, 
an audio transducer according to the present invention 
should allow the passage of some light through itself to 
allow the solar cell to transform solar energy into elec- 
tricity. A suitable material for the actuating diaphragm is 
transparent Mylar™ polyester film that is manufactured 
by Du Pont. A suitable thickness is in the range of ap- 
proximately 10 |jLm. Such a film is coated with a metal 
or similarly electrically conductive material. Such a film 
is known from the manufacture of polyester capacitors. 
Martin Logan has used chemically coated Mylar film in 
electrostatic speakers. The film is mounted whilst being 
stretched so as to leave a residual tension in the film. 
Electrically conductive plastics are known to a person 
skilled in the art. 

[0030] The speaker arrangement SYS1 comprises a 

driving circuit for supplying a rapidly varying voltage 
across the actuating diaphragm and the stator. The driv- 
ing circuit comprises an amplifier A1 , a first resistor R1 , 
an audio transformer TF1 having first and second output 
nodes N1 and N2, a DC voltage supply HVbias, and a 
second resistor R2. 

[0031] Operation of a single ended speaker arrange- 
ment will now be described. The amplifier A1 is a differ- 
ential amplifier having two inputs IN1 and IN2 for receiv- 
ing low-voltage audio signals. The amplifier A1 also has 
a connection to ground GND and a connection to oper- 
ating voltage VBAT (supplied by a battery) for receiving 
a supply voltage, and outputs 0UT1 and 0UT2 for pro- 
viding an amplified audio signal. The first resistor R1 is 
used to limit the current in the amplifier A1 to protect it 
against excessive currents. After the first resistor R1 the 
audio signal is supplied to the audio transformerTFI for 
boosting of the voltage of audio signal by a factor of ap- 
proximately 50 in order to provide an output voltage of 
approximately 200 Volts peak to peak voltage. The first 
output node N1 of the audio transfomierTFI is coupled 
to a negative node of HV bias. A positive node of HV 
bias is connected to the actuating diaphragm ACT via 
the second resistor R2. The second output node N2 of 
the audio transformer TF2 is coupled to the stator S1 . 
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A high voltage power source HVbias coupled between 

the first node N1 and the second resistor R2 is used to 
maintain a constant charge in the speal<er. The second 
resistor R2 has a high resistance and is connected in 
series with HVbias and ACT in orderto guarantee a con- 
stant charge operation. The resistance of the second re- 
sistor R2 is in the range of 1 0 MQ to 1 00 MQ. 
[0032] Initially there is equilibriunn, wherein the actu- 
ating diaphragnn ACT has a constant voltage and con- 
stant charge, and there is a voltage U1 between it and 
the stator S1 . To generate sound the equilibriunn is dis- 
turbed. An amplified audio signal changes the voltage 
of the stator S1 in relation to the voltage of the actuating 
diaphragm ACT. The balance of attractive and repulsive 
forces acting on the actuating diaphragm ACT due to 
S1 changes, the actuating diaphragm ACT moves and 
sound Is thus generated. Tension within the actuating 
diaphragm ACT applies a return force back to its nomi- 
nal position, that is an idle position where it was before 
the movement. The tension also acts to prevent the ac- 
tuating diaphragm ACT from touching the stator S1 . 
[0033] The voltage required to drive the speaker de- 
pends on number of parameters, including the areas of 
the actuating diaphragm ACT and the stator S1 , the gap 
between the actuating diaphragm ACT and the stator 
S1 , the tension of the actuating diaphragm ACT, the in- 
tended sound pressure level (SPL), the desired frequen- 
cy response and the level of HVBias voltage (SPL in- 
creases with increasing HVBias voltage). It should be 
understood that the areas and shapes of the actuator 
ACT and the stator S1 do not have to be identical nor 
do their electrical conductivities. In an embodiment in 
which the guard S2 is used, its sound dampening prop- 
erties based on its shape, size, thickness, porosity, and 
the size and number of openings will have an effect, 
which will need to be taken into account. The sheet re- 
sistance (Q/square) for the actuator may be for example 
100 kQ/square. 

[0034] Figure 2 shows a speaker arrangement SYS2 
according to a second embodiment of the present in- 
vention. The arrangement is similar to the first embodi- 
ment and corresponding reference signs have been ap- 
plied to corresponding parts. In this embodiment, the 
guard S2 is used as a second stator to enhance driving 
of the actuating diaphragm ACT This reduces distortion 
of sound and increases the sound pressure level SPL. 
In this two stator arrangement the first node N1 is an 
intemriediate node which is present on the secondary 
coll of the transfomrier. The number of turns in the coil 
between N1 and N2 usually equals to the number of 
turns between N2 and N3. The nodes in the ends of the 
coil are denoted as N2 and N3. N3 is coupled to S1 and 
N2 is coupled to S2. Between N1 and ACT there is cou- 
pled in series the Hvbias voltage and the resistor R2. In 
an alternative embodiment, an intermediate voltage is 
arranged with two equal capacitors or resistors connect- 
ed in series between the nodes N2 and N3 of the trans- 
former TF1 . Then the voltage output corresponding to 



the node N1 will be available in the joint of the two ca- 
pacitors or resistors. The HVBias voltage is connected 
to node N1 as described above. 

[0035] The operation of the speaker arrangement 
5 SYS2 is similar to the operation of the speaker arrange- 
ment SYS1 . The actuating diaphragm ACT has a con- 
stant voltage relative to the stators in an idle mode, that 
is when the speaker arrangement SYS2 is in operation 
but no sound is produced. Amplified audio voltages are 
10 applied across the two stators S1 and S2 so that the 
actuating diaphragm ACT experiences an attractive 
force towards one stator and a repulsive force towards 
another stator. Thus, the speaker arrangement SYS2 
operates in a push-pull manner. A step change in the 
15 audio signal causes a simultaneous change in the at- 
traction between S1 and ACT and in the repulsion be- 
tween S2 and ACT. 

[0036] Figure 3 shows a side view of a mobile station 
MS according to the present invention. The mobile sta- 

20 tion MS comprises the speaker arrangement of Figure 
2. Accordingly, corresponding reference signs have 
been applied to corresponding parts. A display DSPL is 
integrated inside the mobile station MS and its top sur- 
face functions as a stator. An actuating diaphragm ACT 

25 is sandwiched between the guard S2 and the display 
DSPL so that there is a gap on both sides of the actu- 
ating diaphragm ACT leaving space for it to vibrate. A 
conduit SC1 leads from the gap between the actuating 
diaphragm ACT and the display DSPL. One end of the 

30 conduit SC1 opens into the space behind ACT and the 
other end opens into an opening on a side of the mobile 
station MS opposite the display DSPL. The arrange- 
ment provides a user with two different speakers, both 
of which use the same electronics and the same actu- 

35 ating diaphragm. The arrangement is even more suita- 
ble in a foldable two-part device, in which the display 
DSPL is located on an inner surface and thus contained 
within the device when it is closed. This reduces the pro- 
jection of sound in a direction opposite to the direction 

40 of sound coming from the earpiece speaker SPK2. To 
hinder penetration of dust into the device, the conduit 
can be closed with a tense diaphragm extending across 
the conduit. The speaker makes air surrounding it to vi- 
brate, and the air f u rther makes the tense diaphragm to 

45 vibrate in the conduit. This diaphragm then transmits the 
vibration to the air on its other side thus passing the 
sound through itself. 

[0037] Figure 4 shows a block diagram of the mobile 
station of Figures. The mobile station has a Master Con- 

50 trol Unit MCU that may be a microprocessor, a Digital 
Signal Processor DSP or any other functionally similar 
unit. The MCU controls the other blocks of the mobile 
station. These blocks include an RF block for Radio Fre- 
quency processing of data and a memory block MEM 

55 comprising Random Access Memory (RAM) to store in- 
structions to be executed by the MCU, a Read Only 
Memory ROM for conserving execution instructions in 
non-volatile memory, and non-volatile memory such as 
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between an acoustic form and an electrical form, 
comprising an actuating diaphragm, a stator, and a 
support for supporting tlie actuating diaphragm ad- 
jacent to the stator, wherein both the actuating dia- 
5 phragm and the stator comprise transparent mate- 
rial, and the audio transducer Is arranged adjacent 
to the optical device. 

5. An audio transducer according to claim 4, wherein 

10 the actuating diaph ragm is arranged to vibrate in re- 
sponseto an electrical signal interacting with the ac- 
tuating diaphragm to generate an acoustic re- 
sponse. 

15 6. An audio transducer according to claim 4 or 5, 
wherein the actuating diaphragm is arranged to vi- 
brate In response to an acoustic signal interacting 
with the actuating diaphragm to generate an elec- 
trical response. 

20 

7. An audio-visual device according to claim 4 or 5, 
wherein the display comprises the stator for the ac- 
tuating diaphragm. 



Flash-ROM or digital memory dlsk(s) which allows non- 
volatile and re-writeable conserving of data that may 
change, for example to store user information. The mo- 
bile station has an input means for receiving input from 
a user response, such as a keyboard KB. It also has 
both an electrical display DSPL and a solar cell SCELL 
for generating operating voltage for the mobile station 
and/or recharging a battery BATT of the mobile station. 
The electrical display DSPL is a low power-consuming 
device such as an LCD (Liquid Crystal Display). 
[0038] Using the RF block, the mobile station can re- 
ceive video images to be shown on the display DSPL. 
This allows the mobile station to present real-time mul- 
timedia, for example video conferencing. 
[0039] This paper presents the implementation and 
embodiments of the invention with the help of examples. 
It Is obvious to a person skilled in the art, that the inven- 
tion is not restricted to details of the embodiments pre- 
sented above, and that the invention can be implement- 
ed in another embodiment without deviating from the 
characteristics of the invention. Thus, the presented em- 
bodiments should be considered Illustrative, but not re- 
stricting. For example when using the invention for mon- 
itors of computers or TV-screens it is natural that the 
display does not need to be of a low power consuming 
type such as an LCD screen. Hence, the possibilities of 
implementing and using the invention are only restricted 
by the enclosed patent claims. Consequently, the vari- 
ous options of implementing the invention as deter- 
mined by the claims. Including the equivalent implemen- 
tations, also belong to the scope of the present inven- 
tion. 



Claims 

1 . An audio transducer for changing a signal between 
an acoustic form and an electrical form, comprising 
an actuating diaphragm, a stator, and a support for 
supporting the actuating diaphragm adjacent to the 
stator, characterised in that both the actuating di- 
aphragm and the stator comprise transparent ma- 
terial. 

2. An audio transducer according to claim 1 , wherein 
the actuating diaphragm is arranged to vibrate in re- 
sponse to an electrical signal interacting with the ac- 
tuating diaphragm to generate an acoustic re- 
sponse. 

3. An audio transducer according to claim 1 or claim 
2, wherein the actuating diaphragm is arranged to 
vibrate in response to an acoustic signal interacting 
with the actuating diaphragm to generate an elec- 
trical response. 

4. An audio-visual device comprising an optical de- 
vice, and an audio transducer for changing a signal 



25 8. An audio-visual device according to claim 4, where- 
in the actuating diaphragm is located between an 
outer protective diaphragm and the optical device 
so as to protect the actuating diaphragm from me- 
chanical damage. 

30 

9. An audio-visual device according to claim 8, where- 
in the outer protective diaphragm is arranged to 
function as a stator for the actuating diaphragm. 

35 10. An audio-visual device according to claim 4, 5, 8 or 
9, wherein the audio visual device comprises an 
earpiece and a conduit to audiophonically connect 
the earpiece with the actuating diaphragm. 

40 11 . An audio-visual device according to claim 4, 5, 8, 9 
or 1 0, wherein the optical device is selected from a 

group consisting of: a mobile station, a mirror, a win- 
dow, an electrical display, a solar cell, a touch 
screen and an illuminator. 

45 

12. An audio-visual device according to claim 4, 5, 8, 9, 
1 0 or 11 , comprising a radio block for radio commu- 
nication. 

50 13. A method of producing an audio-visual response, 
wherein a transparent and electrostatic actuating 
diaphragm is arranged in a nominal position adja- 
cent to an electrical display, comprising the steps 
of: displaying an image on the electrical display, and 

55 feeding an electrical audio signal to the actuating 
diaphragm to cause it to vibrate in order to generate 
a sound. 
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14. A method of manufacture of a device comprising a 

display, a speaker, and a transformer to drive the 
speal<er, comprising the steps of: attaching a trans- 
parent actuating speal<er diaphragm adjacent to the 
display, and coupling the transparent actuating di- 
aphragm to the transformer to drive the transparent 
actuating diaphragm as a sound producing vibrat- 
ing element. 
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